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surface via an associated one of the connecting lead 
portions ; 

the inner lead portions of the leads being arranged 
in pair in such a fashion that the leads of each lead pair 
have facing tips, respectively; 

connecting portions each adapted to connect the 
facing tips of the leads included in an associated one of 
the lead pairs; and 

an outer frame portion arranged outside the outer 
terminal portions and connected to the connecting lead 
portions in such a fashion that they form an integral 
structure together, thereby protecting the entire portion 
of the lead frame. 



15 4. A method for fabricating a semiconductor device 

including a semiconductor chip, a plurality of leads 
fixedly attached to a terminal -end surface of the 
semiconductor chip by an insulating adhesive interposed 
between the semiconductor chip and the leads, each of the 
leads including integral portions, that is, an inner 
terminal portion adapted to be electrically connected to an 
associated one of terminals of the semiconductor chip, an 
outer terminal portion extending outwardly in a direction 
orthogonal to the terminal -end surface of the semiconductor 
chip and adapted to be connected to an external circuit. 
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and a connecting lead portion adapted to connect the inner 
and outer terminal portions to each other; and outer 
electrodes each connected to the outer terminal portion of 
an associated one of the leads and made of solder to allow 
the semiconductor device to be mounted on a circuit board, 
at least a part of the outer leads being externally exposed 
from a resin encapsulate, comprising the steps of: 

(A) fabricating a lead frame including a plurality of 
leads each including integral portions, that is, an inner 
terminal portion adapted to be electrically connected to an 
associated one of terminals of a semiconductor chip, an 
outer terminal portion adapted to be connected to an 
associated one of terminals of an external circuit, and a 
connecting lead portion adapted to connect the inner and 
outer terminal portions to each other, each of the outer 
terminal portions of the leads being protruded in a 
direction orthogonal to a lead frame surface via an 
associated one of the connecting lead portions, the inner 
lead portions of the leads being arranged in pair in such a 
fashion that the leads of each lead pair have facing tips, 
respectively, connecting portions each adapted to connect 
the facing tips of the leads included in an associated one 
of the lead pairs, and an outer frame portion arranged 
outside the outer terminal portions and connected to the 
connecting lead portions in such a fashion that they form 
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[DETAILED DESCRIPTION OF THE INVENTION] 
[FIELD OF THE INVENTION] 

The present invention relates to a resin encapsulated 
semiconductor device (plastic package) in which a 
5 semiconductor chip is packaged, and more particularly to a 
semiconductor device configured to achieve an improvement 
in mounting density or to have a multi -pinned structure and 
a method for manufacturing such a semiconductor device. 

10 [DESCRIPTION OF THE PRIOR ART] 

Recently, semiconductor devices have been developed 
to have a higher integration degree and a higher 
performance by virtue of developments of techniques 
associated with an increase in integration degree and 
miniaturization and in pace with the tendency of electronic 
appliances to have a high performance and a light, thin, 
simple, and miniature structure. A representative example 
of such semiconductor devices is an ASIC of LSI. For 
instance, developments of resin encapsulated semiconductor 
device plastic packages have been advanced from surface- 
mounting packages such as S0Js (Small Out lined -Leaded 
Packages) or QFPs (Quad Flat Packages) to packages having a 
miniature structure mainly achieved in accordance with a 
thinness obtained by virtue of developments of TSOPs (Tin 
Small Outline Packages) or to LOC (Lead On Chip) structures 
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adapted to achieve an improvement in the chip packaging 
efficiency by virtue of developments of an internal three- 
dimensional package structure. In addition to an increase 
in integration degree and improvement in performance, there 
has also been growing demand for an increase in the number 
of pins, thickness, and miniaturization of resin 
encapsulated semiconductor packages. m the above 

mentioned conventional packages, however, there is a 
limitation in miniaturization because those packages have a 
structure in which leads are arranged around a chip. 
Similarly, leads are arranged around a chip in the case of 
miniature packages such as TSOPs . In such packages, there 
is also a limitation in increasing the number of pins due 
to the pin pitch used. 

[SUBJECT MATTERS TO BE SOLVED BY THE INVENTION] 

As mentioned above, there has been demand for an 
increase in integration degree and improvement in 
performance of resin encapsulated semiconductor devices. 
Also, there has also been growing demand for an increase in 
the number of pins, thickness, and miniaturization of resin 
encapsulated semiconductor packages. m such situations, 
the present invention makes it possible to increase the 
occupancy degree of a chip in a semiconductor package with 
a limited size while reducing the mounting area of the 
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semiconductor package on a circuit board to achieve a 
miniaturization of the resulting semiconductor device. 
That is, the present invention is adapted to provide a 
resin encapsulated semiconductor device capable of 
achieving an improvement in the mounting density thereof on 
a circuit board. Also, the present invention is adapted to 
achieve an increase in the number of pins which is 
difficult in miniature packages such as conventional TSOPs. 

[MEANS FOR SOLVING THE SUBJECT MATTERS] 

The resin encapsulated semiconductor device of the 
present invention is characterized in that it comprises: a 
semiconductor chip; a plurality of leads fixedly attached 
to a terminal -end surface of the semiconductor chip by an 
insulating adhesive interposed between the semiconductor 
chip and the leads, each of the leads including integral 
portions, that is, an inner terminal portion adapted to be 
electrically connected to an associated one of terminals of 
the semiconductor chip, an outer terminal portion extending 
outwardly in a direction orthogonal to the terminal-end 
surface of the semiconductor chip and adapted to be 
connected to an external circuit, and a connecting lead 
portion adapted to connect the inner and outer terminal 
portions to each other; and outer electrodes each connected 
to the outer terminal portion of an associated one of the 
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leads and made of solder to allow the semiconductor device 
to be mounted on a circuit board, at least a part of the 
outer leads being externally exposed frcm a resin 
encapsulate. The above semiconductor device can be 
embodied into a BGA (Ball Grid Array) type resin 
encapsulated semiconductor device by arranging a plurality 
of leads each having an inner terminal portion and an outer 
terminal portion integral with each other in a two- 
dimensional fashion on the terminal -end surface of the 
semiconductor chip and forming the outer electrodes in the 
form of solder balls. 

The above semiconductor device is also characterized 
in that the terminals of the semiconductor chip are 
arranged along a substantially center line between a pair 
of sides of the semiconductor chip on the terminal -end 
surface of the semiconductor chip, and the leads are 
arranged in two facing sets along the sides of the 
semiconductor chip, respectively, in such a fashion that 
the terminals of the semiconductor chip are interposed 
between the two facing lead sets. The lead frame of the 
present invention is characterized in that it comprises: a 
plurality of leads each including integral portions, that 
is, an inner terminal portion adapted to be electrically 
connected to an associated one of terminals of a 
semiconductor chip, an outer terminal portion adapted to be 
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connected to an associated one of terminals of an external 
circuit, and a connecting lead portion adapted to connect 
the inner and outer terminal portions to each other; each 
of the outer terminal portions of the leads being protruded 
in a direction orthogonal to a lead frame surface via an 
associated one of the connecting lead portions; the inner 
lead portions of the leads being arranged in pair in such a 
fashion that the leads of each lead pair have facing tips, 
respectively; connecting portions each adapted to connect 
the facing tips of the leads included in an associated one 
of the lead pairs; and an outer frame portion arranged 
outside the outer terminal portions and connected to the 
connecting lead portions in such a fashion that they form 
an integral structure together, thereby protecting the 
entire portion of the lead frame. The above lead frame can 
be embodied into a lead frame for a BGA (Ball Grid Array) 
type resin encapsulated semiconductor device by arranging a 
plurality of leads each having an inner terminal portion 
and an outer terminal portion integral with each other in. a 
two-dimensional fashion on the terminal -end surface of the 
semiconductor chip and forming the outer electrodes in the 
form of solder balls. 

The present invention is also characterized by a 
method for fabricating a semiconductor device including a 
semiconductor chip, a plurality of leads fixedly attached 
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to a terminal -end surface of the semiconductor chip by an 
insulating adhesive interposed between the semiconductor 
chip and the leads, each of the leads including integral 
portions, that is, an inner terminal portion adapted to be 
5 electrically connected to an associated one of terminals of 
the semiconductor chip, an outer terminal portion extending 
outwardly in a direction orthogonal to the terminal -end 
surface of the semiconductor chip and adapted to be 
connected to an external circuit, and a connecting lead 
portion adapted to connect the inner and ouUr terminal 
portions to each other; and outer electrodes each connected 
to the outer terminal portion of an associated one of the 
leads and made of solder to allow the semiconductor device 
to be mounted on a circuit board, at least a part of the 
outer leads being externally exposed from a resin 
encapsulate, comprising the steps of: (A) fabricating a 
lead frame including a plurality of leads each including 
integral portions, that is, an inner terminal portion 
adapted to be electrically connected to an associated one 
of terminals of a semiconductor chip, an outer terminal 
portion adapted to be connected to an associated one of 
terminals of an external circuit, and a connecting lead 
portion adapted to connect the inner and outer terminal 
portions to each other, each of the outer terminal portions 
of the leads being protruded in a direction orthogonal to a 
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lead frame surface via an associated one of the connecting 
lead portions, the inner lead portions of the leads being 
arranged in pair in such a fashion that the leads of each 
lead pair have facing tips, respectively, connecting 
portions each adapted to connect the facing tips of the 
leads included in an associated one of the lead pairs, and 
an outer frame portion arranged outside the outer terminal 
portions and connected to the connecting lead portions in 
such a fashion that they form an integral structure 
together, thereby protecting the entire portion of the lead 
frame; (B) applying an insulating layer to a surface of the 
lead frame opposite to the outer terminal portions, 
punching out the connecting portions adapted to connect 
facing ones of the inner lead portions to each other along 
with portions of the insulating layer respectively arranged 
at regions corresponding to the connecting portions by use 
of punching dies, aligning the punched portions of the lead 
frame with the terminals of the semiconductor chip, and 
mounting the entire portion of the lead frame on the 
semiconductor chip by the adhesive interposed therebetween; 
(C) cutting off unnecessary portions of the lead frame 
including the outer frame portion by use of punching dies, 
thereby removing the cut-off portions; (D) wire-bonding the 
terminals of the semiconductor chip with tips of the inner 
terminal portions mounted on the semiconductor chip, and 
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encapsulating the semiconductor chip and the lead frame by 
a resin while allowing a surface of the lead frame toward 
the outer terminal portions to be externally exposed; end 
(E) forming outer electrodes made of solder on the exposed 
5 lead frame surface toward the outer terminal portions. 

[FUNCTIONS] 

With the above mentioned configuration, the resin 
encapsulated semiconductor device of the present invention 
can increase the occupancy degree of the chip while 
achieving a miniaturization thereof. That is, the resin 
encapsulated semiconductor device is capable of reducing 
the mounting area thereof on a circuit board and achieving 
an improvement in the mounting density thereof on the 
15 circuit board. in particular, the present invention 
achieves a miniaturization of the semiconductor device by 
fixedly attaching a plurality of leads each including an 
inner terminal portion and an outer terminal portion 
integral with each other to a surface of a semiconductor 
20 chip by an insulating adhesive layer interposed between the 

semiconductor chip and the leads, and connecting outer 
electrodes made of solder to the outer terminal portions, 
respectively. Also, the present invention achieves an 
increase in the number of pins in the semiconductor device 
25 by arranging the outer electrodes made of solder in a two- 
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dimensional fashion on a plane parallel to the surface of 
the semiconductor chip, where the outer electrodes made of 
solder are formed in the form of solder balls and arranged 
in a two-dimensional fashion, a BGA type semiconductor 
device capable of achieving an increase in the number of 
pins can be obtained. In the above semiconductor device, 
the terminals of the semiconductor chip are arranged along 
a substantially center line between a pair of sides of the 
semiconductor chip on the terminal -end surface of the 
semiconductor chip, and the leads are arranged in two 
facing sets along the sides of the semiconductor chip, 
respectively, in such a fashion that the terminals of the 
semiconductor chip are interposed between the two facing 
lead sets. Thus, the semiconductor device has a simple 
structure suitable in regard to productivity. The lead 
frame of the present invention makes it possible to 
fabricate the above mentioned resin encapsulated 
semiconductor device by virtue of there above mentioned 
configuration thereof. However, this lead frame can be 
fabricated using a half etching method during an etching 
process as used for conventional lead frames. The method 
for fabricating .a resin encapsulated semiconductor device 
in accordance with the present invention involves the steps 
of applying an insulating layer to a surface of the lead 
frame opposite to the outer terminal portions, punching out 
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the connecting portions adapted to connect facing ones of 
the inner lead portions to each other along with portions 
of the insulating layer respectively arranged at regions 
corresponding to the connecting portions by use of punching 
dies, aligning the punched portions of the lead frame with 
the terminals of the semiconductor chip, and mounting the 
entire portion of the lead frame on the semiconductor chip 
by the adhesive interposed therebetween, and cutting off 
unnecessary portions of the lead frame including the outer 
frame portion by use of punching dies. thereb> removir g the 
cut-off portions. Thus, a plurality of leads each 
including an inner terminal portion and an outer terminal 
portion integral with each other are mounted on a 
semiconductor chip. Accordingly, the present invention 
makes it possible to achieve a miniaturization of 
semiconductor devices. In accordance with the present 
invention, it is also possible to fabricate a resin 
encapsulated semiconductor device having an increased 
number of pins . 

[EMBODIMENTS] 

Hereinafter, embodiments of the present invention 
associated with resin encapsulated semiconductor devices 
will be described in conjunction with the annexed drawings. 
Fig. 1A is a cross-sectional view schematically 
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illustrating a resin encapsulated semiconductor device 
according to an embodiment of the present invention. Fig. 
IB is a perspective view illustrating an essential part of 
the resin encapsulated semiconductor device. Figs. 1A and 
IB, the reference numeral 10 0 denotes the , resin 
encapsulated semiconductor device, 101 a semiconductor 
chip, 102 leads, 102A inner terminal portions, 102B outer 
terminal portions, 102C connecting lead portions, 101A 
contacts (pads), 103 wires, 104 an insulating adhesive, 105 
a resin encapsulate, 106 outer electrodes made of solder 
(paste), respectively. The resin encapsulated 

semiconductor device according to this embodiment is 
fabricated using a lead frame which will be described 
hereinafter. In this resin encapsulated semiconductor 
device, a plurality of L-shaped leads 102, each of which 
has an inner terminal portion 102A and an outer terminal 
portion 102 integral with each other, are mounted on a 
semiconductor chip 101 by means of an insulating adhesive 
104. An outer electrode 106, which is made of solder, is 
attached to each outer terminal portion 102B. The outer 
electrode 106 is outwardly protruded from a resin 
encapsulate 105. The resin encapsulated semiconductor 
device configured as mentioned above has a package area 
substantially equal to the entire area thereof. When this 
semiconductor device is mounted on a circuit board, the 
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solder is melted and then solidified to allow the outer 
terminal portions 102B to be electrically connected to an 
external circuit. In the resin encapsulated semiconductor 
device according to the illustrated embodiment, contacts 
(pads) 101A provided at the semiconductor chip 101 are 
arranged in pairs along a center line L of the 
semiconductor chip 101 at opposite sides of the center line 
L in such a fashion that contacts included in each contact 
pair face each other. The outer terminal portion 102B of 
each lead is spaced apart from the inner terminal portion 
102A of the lead. Between the inner and outer terminal 
portions 102A and 102B, a connecting lead portion 102C is 
interposed. The connecting lead portion 102C of each lead 
is bent in a direction orthogonal to the major surface of 
the semiconductor chip at a position near an associated one 
of the side surfaces of the semiconductor chip 101, so that 
it has an L shape. In each lead, the outer terminal 
portion 102B is arranged at an end of the connecting lead 
portion 102C. The outer terminal portions 102B of the 
leads are arranged in a one-dimensional fashion on a plane 
parallel to the major surface of the semiconductor chip 
101. That is, the outer terminal portions 102B are 
arranged in two lines at opposite sides of the center line 
L. As mentioned above, one outer electrode 106 made of 
solder is connected to the outer terminal portion 102B of 
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each lead and outwardly exposed from the resin encapsulate 
105. 

For the insulating adhesive 104, a polyimide-based 
thermoplastic adhesive having a thickness of 100 um (HM122C 
manufactured by Hitachi Chemical Co., Ltd.) is preferably 
used. Alternatively, a silicon denaturalized polyimide 
adhesive (ITA1715 manufactured by Sumitomo Bakelite Co., 
Ltd.) or a thermosetting adhesive (HG5200 manufactured by 
Tomoekawa Papermaking Co., Ltd.) may be used. Although 
ouer electrodes made of solder paste are used in the 
illustrated embodiment, solder balls may be used. 

As mentioned above, the resin encapsulated 
semiconductor device according to the illustrated 
embodiment has a package area substantially equal to the 
entire area thereof. That is, the illustrated embodiment 
of the present invention provides a package having a 
compact structure in regard to area. m accordance with 
the present invention, a thinned package structure can also 
be provided in that it is also possible to reduce the 
package thickness to about 1.0 mm or less. Although the 
outer electrodes have been described as being arranged in 
two lines along the contacts (pads) of the semiconductor 
chip, they may be arranged in a two-dimensional fashion. 
This is achieved by arranging contacts of the semiconductor 
chip in a two-dimensional fashion. On the surface of the 
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semiconductor chip arranged with those contacts, a 
plurality of terminal sets each having an inner terminal 
and outer terminal integral with each other are arranged in 
a two-dimensional fashion. In this case, it is possible to 
fabricate a semiconductor device using a semiconductor chip 
with an increased number of pins . 

An embodiment of the present invention associated 
with a lead frame will now be described. The lead frame 
according to this embodiment is adapted to be used in the 
above mentioned semiconductor device. Fig. 2 is a plan 
view of the lead frame according to this embodiment. In 
Fig. 2, the reference numeral 200 denotes a lead frame, 201 
inner terminal portions, 202 outer terminal portions, 203 
connecting lead portions, 204 a connecting portion, and 205 
an outer frame portion, respectively. The lead frame is 
made of 42 ALLOY (namely, an Fe alloy containing 42% Ni) . 
The lead frame has a thickness of 0.05 mm at its thinner 
portion, that is, the inner terminal portions, and a 
thickness of 0.2 mm at its thicker portion, that is, the 
outer terminal portions. The connecting portion, which 
connects facing tips of the inner terminal portions to each 
other, has a thickness of 0.05 mm corresponding to that of 
the thinner portion. This connecting portion has a 
structure capable of allowing an easy punching thereof in 
25 the fabrication of the semiconductor device, as described 
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hereinafter. Although the outer terminal portions 202 have 
a ball shape in the illustrated embodiment, they are not 
limited to this shape. Also, although the lead frame has 
been described as being made of the 42 ALLOY, it is not 
limited to this material. For the lead frame, a copper- 
based alloy may be used. 

Now, fabrication of the lead frame according to the 
illustrated embodiment will be described in brief. Fig. 4 
illustrates a process for fabricating the lead frame 
according to the illustrated embodiment. First, a lead 
frame blank 300 having a thickness of 0.2 mm was prepared 
which is made of a 42 ALLOY (an Fe alloy containing 42% 
Ni) . The prepared lead frame blank 3 00 was then subjected 
to a cleaning process, thereby removing grease from the 
surfaces thereof (Fig. 3a) . Subsequently, photoresist 
films 301 were coated over both surfaces of the lead frame 
blank 300, respectively. The coated photoresist films 301 
were then dried (Fig. 3b) . 

Using desired pattern plates, the photoresist films 
301 on both surfaces of the lead frame blank 300 were 
exposed to light at their desired portions. A developing 
process was then conducted to the light -exposed photoresist 
films 301, thereby forming photoresist patterns 301A. 

For the photoreist films, a negative liquid-phase 
resist (PMER resist) manufactured by Tokyo Ohka Co., Ltd. 
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was used. Using the resist patterns 301A as anti-etch 
films, the lead frame blank 3 00 was subjected to a spray 
etching process at both surfaces thereof. The spray 
etching process was conducted using a ferric chloride 
solution of 48 BAUME at 57 °C. Thus, a lead frame having a 
structure of Fig. 2a was obtained (Fig. 3d). Fig. 2a is a 
plan view of the lead frame. Fig. 2b is a cross-sectional 
view taken along the line Al - A2 of Fig. 2a. Thereafter, 
the remaining photoresist thin films were peeled off. The 
resulting structure was then subjected to a cleaning 
process. A gold plating process was subsequently conducted 
for desired portions of the lead frame, that is, regions 
including inner terminal portions (Fig. 3e) . 

In the fabrication process of the lead frame, the 
etching process was conducted with a large etch depth at 
one major surface of the lead frame blank where outer 
terminal portions are to be formed, and with a small etch 
depth at the other major surface of the lead frame. In 
place of the gold plating, silver or palladium plating may 
be utilized. The above mentioned lead frame fabrication 
process is adapted to manufacture a single lead frame 
required for the manufacture of a single semiconductor 
device. in terms of productivity, however, the etching 
process is conducted for lead frame units each 
corresponding to the single lead frame shown in Fig. 2. To 
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this end, a frame member (not shown) is provided at a 
desired portion of the peripheral edge of the lead frame so 
as to connect a desired part of the outer frame portion 205 
shown in Fig. 2 to a corresponding one of an adjacent lead 
frame . 

Using the lead frame fabricated as mentioned above, 
the resin encapsulated semiconductor device according to 
the present invention was fabricated. Now, a method for 
fabricating the resin encapsulated semiconductor device in 
accordance with an embodiment of the present invention will 
be described. Fig. 4 illustrates the method for 

fabricating the resin encapsulated semiconductor device in 
accordance with the embodiment of the present invention. A 
polyimide-based thermosetting insulating adhesive (tape) 
401 (HM122C- manufactured by Hitachi Chemical Co., Ltd.) was 
applied to one surface, formed with the outer terminal 
portions 402, of the lead frame 400 fabricated as in Fig. 3 
and the outer surface of the lead frame 400 using a hot 
pressing process conducted at 400 °C and 6 Kg/m 2 for 1.0 
second Fig. 4a). The resulting structure is shown in Fig. 
5 which is a plan view. Thereafter, the connecting 
portions 403 connecting facing tips of the inner terminal 
portions were punched using punching dies 405A and 405B 
(Fig. 4b). Also, portions of the insulating adhesive 



22 



8-125066 



(tape) corresponding to those connecting portions 4 03 were 
punched (Fig. 4c) 

Subsequently, unnecessary portions of the lead frame 
including the outer frame 4 04 were cut off using outer 
frame punching and pressing dies 406A and 406B (Fig. 4d) . 
The lead frame was then bonded to a semiconductor chip 407 
at its leads 410 under pressure while applying heat (Fig. 
4e) . 

The process for cutting off the unnecessary portion 
of the lead frame including the outer frame 4 04 supporting 
the entire portion of the lead frame along with the 
connecting lead portion, as shown in Fig. 4d, may be 
carried out after an resin encapsulating process. In this 
case, dam bars (not shown) are preferably provided, as in 
QFP packages typically using a lead frame having a single 
layer structure. After the mounting of the leads 410 on 
the semiconductor chip 411, the inner terminal portion 410 
of each lead 410 was electrically connected to an 
associated one of terminals (pads) 411A of the 
semiconductor chip 411 (Fig. 4f ) . 

Subsequently, an epoxy-based resin 415 was molded to 
encapsulate the resulting structure while exposing the 
outer terminal portions 410B of the leads 410 using a 
desired mold (Tig. 4g) . 
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Although a specific mold ,(not shown) was used for the 
above process in the illustrated case, use of such a die 
may be unnecessary in so far as the resin encapsulating 
process can be conducted under the condition in which 
desired portions (outer terminal portions) of the lead 
frame are left. Thereafter, a solder paste was coated on 
the exposed outer terminal portions 410B in accordance with 
a screen printing process, thereby forming outer electrodes 
416 made of solder (paste) . Thus, the fabrication of the 
resin encapsulated semiconductor device according to the 
present invention was achieved (Fig. 4h) . 

Although the formation of the outer electrodes 416 
made of solder has been described as being achieved using a 
screen printing process, it may be achieved using a reflow 
or bonding process in so far as an amount of solder 
required for a connection of the semiconductor device to a 
circuit board is obtained. 



[EFFECTS OF THE INVENTION] 

As apparent from the above description, the present 
invention makes it possible to increase the occupancy 
degree of a semiconductor chip in a semiconductor package 
in situations requiring new resin encapsulated 
semiconductor devices having a highly integrated structure 
25 while exhibiting a high performance. The present invention 
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also makes it possible to reduce the area of the 
semiconductor device on a circuit board in order to cope 
with a compactness of the semiconductor device. That is, 
the present invention can provide a semiconductor device 
capable of achieving an improvement in the mounting density 
on a circuit board. At the same time, the present 
invention can provide a resin encapsulated semiconductor 
device having a new multipinned structure which could not 
be realized in compact packages such as conventional TSOPs. 
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